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Figure S1. Causal diagrams of maternal folic acid supplementation (FAS) and congenital heart

disease (CHD) in offspring, Guangdong Registry of Congenital Heart Disease, 2004-2016, China.
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Figure S2. Flow chart of study participants, Guangdong Registry of Congenital Heart Disease, 2004-

2016, China.
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8379 cases + 6918 controls

Total study N =15297




Table S1. Parental sociodemographic and lifestyle factors and environmental exposures according to
congenital heart disease status, Guangdong Registry of Congenital Heart Disease, 2004-2016, China

(n=15,297).
Characteristics Total CHD Case, n (%) Control, n (%) P-value
Total 15,297 8379 6918 -
Maternal socio-demographics
Age (years)
>35 1262 774 (9.2) 488 (7.1)
30-35 3101 1745 (20.8) 1356 (19.6)  <0.001
15-29 10,934 5860 (69.9) 5074 (73.3)
Educational attainment
<12 years 1037 691 (8.4) 346 (5.1) <0.001
>12 years 14,005 7534 (91.6) 6471 (94.9)
Ethnicity
Minorities 186 123 (1.5) 63 (0.9) 0.002
Han 15,111 8256 (98.5) 6855 (99.1)
Residence
Rural 6020 3338 (39.8) 2682 (38.8) 0.178
Urban 9277 5041 (60.2) 4236 (61.2)
Migrants”
Yes 3872 2260 (27) 1612 (23.3) <0.001
No 11,425 6119 (73) 5306 (76.7)
Household income (CNY/month/person)
<3000 7907 4481 (54.3) 3426 (50.2) <0.001
>3000 7174 3772 (45.7) 3402 (49.8)
Manual worker - *
Yes 1703 1130 (13.5) 573 (8.3) <0.001
No 13,594 7249 (86.5) 6345 (91.7)
Maternal disease ®
Cardiac disease (including CHD)
Yes 28 21 (0.3) 7(0.2) 0.038
No 15,269 8358 (99.7) 6911 (99.9)
Fever (>38.5 °C)
Yes 371 306 (3.7) 65 (0.9) <0.001
No 14,926 8073 (96.3) 6853 (99.1)
Cold/ flu
Yes 777 603 (7.2) 174 (2.5) <0.001
No 14,520 7776 (92.8) 6744 (97.5)
Other viral infection (hepatitis/ syphilis/ rubella/ HIV/ herpes)
Yes 225 141 (1.7) 84 (1.2) 0.017
No 15,072 8238 (98.3) 6834 (98.8)
Diabetes *
Yes 379 221 (2.6) 158 (2.3) 0.162
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BMI, body mass index; CHD, congenital heart disease.

* Migrants: people living and working outside their origin;

T Manual worker: working in handicraft industry, working by hand, or operating machine in manufactory;

tExposure window: during periconceptional period (3 months before pregnancy to the end of the 1% trimester);

$ Exposure window: in the 1% trimester of pregnancy (within 3 months after pregnancy);
¥ Maternal diabetes: included pregestational and gestational, type | and type Il diabetes;



TThreatened abortion: symptom of vaginal bleeding occurs in the first 20 weeks of pregnancy with or without
abdominal cramps, indicating a possible miscarriage;

£ Anti-miscarriage medication: medication use to prevent miscarriage;

* Alcohol intake: a reported alcohol intake of on average at least 50 ml/d without specifying wine;

$ Smoking: on average consume at least one cigarette per day;

& passive smoking: maternal self-reported exposure to environmental tobacco smoke at home, workplace, or
both;

#Chemical agent contact: occupational or long-term use of any of the harmful chemicals comprising any organic
solvent or farm chemicals (including Herbicides, Pesticides, and Rodenticides);

A Living in newly renovated room: pregnant women moving into a new house within 6 months after decoration.



Table S2. Association of first trimester maternal folic acid supplementation and parental factors,
Guangdong Registry of Congenital Heart Disease, 2004-2016, China (n=15,297).

Characteristics Total FAS, n (%) no FAS, n (%) P-value
Total 15,297 1877 (12.3) 13,420 (87.7)
Multivitamin use
Yes 655 611 (93.3) 44 (6.7) <0.001
No 14,642 1266 (8.6) 13,376 (91.4)
Maternal socio-demographics
Age (years)
>35 1262 178 (14.1) 1084 (85.9)
30-35 3101 437 (14.1) 2664 (85.9) <0.001
15-29 10,934 1262 (11.5) 9672 (88.5)
Education attainment
>12 years 14,005 1799 (12.8) 12,206 (87.2) <0.001
<12 years 1037 52 (5.0) 985 (95.0)
Ethnicity
Minorities 186 25 (13.4) 161 (86.6) 0.624
Han 15,111 1852 (12.3) 13,259 (87.7)
Residence
Rural 6020 651 (10.8) 5369 (89.2) <0.001
City 9277 1226 (13.2) 8051 (86.8)
Migrants *
Yes 3872 389 (10.0) 3483 (90.0) <0.001
No 11,425 1488 (13.0) 9937 (87.0)
Household income (CNY/month/person)
>3000 7174 1235 (17.2) 5939 (82.8) <0.001
<3000 7907 590 (7.5) 7317 (92.5)
Manual worker -
Yes 1703 168 (9.9) 1535 (90.1) 0.001
No 13,594 1709 (12.6) 11,885 (87.4)
Maternal disease 3
Cardiac disease (including CHD)
Yes 28 3 (10.7) 25 (89.3) 0.802
No 15,269 1874 (12.3) 13,395 (87.7)
Fever (>38.5 °C)
Yes 371 60 (16.2) 311 (83.8) 0.020
No 14,926 1817 (12.2) 13,109 (87.8)
Other virus infection (Hepatitis/ Syphilis/ Rubella/ HIV/ Herpes)
Yes 225 31 (13.8) 194 (86.2) 0.488
No 15,072 1846 (12.2) 13,226 (87.8)
Diabetes *
Yes 379 104 (27.4) 275 (72.6) <0.001
No 14,918 1773 (11.9) 13,145 (88.1)
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307 (67.5)
368 (49.5)
12,745 (90.4)

77 (88.5)
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FAS, folic acid supplementation; BMI, body mass index; CHD, congenital heart disease;

* Migrants: people living and working outside their origin;

T Manual worker: working in handicraft industry, working by hand, or operating machine in manufactory;
tExposure window: during periconceptional period (3 months before pregnancy to the end of the 1% trimester);

8 Exposure window: in the 1% trimester of pregnancy (within 3 months after pregnancy);
¥ Maternal diabetes: included pregestational and gestational, type | and type Il diabetes;

TThreatened abortion: symptom of vaginal bleeding occurs in the first 20 weeks of pregnancy with or without

abdominal cramps, indicating a possible miscarriage;

£ Anti-miscarriage medication: medication use to prevent miscarriage;

* Alcohol intake: a reported alcohol intake of on average at least 50 ml/d without specifying wine;



$ Smoking: on average consume at least one cigarette per day;

& passive smoking: maternal self-reported exposure to environmental tobacco smoke at home, workplace, or both;

#Chemical agent contact: occupational or long-term use of any of the harmful chemicals comprising any organic
solvent or farm chemicals (including Herbicides, Pesticides, and Rodenticides);

A Living in newly renovated room: pregnant women moving into a new house within 6 months after decoration.



Table S3. Sensitivity analysis of the associations between first trimester maternal folic acid
supplementation and congenital heart disease, by etiologic categories, in 4726 matched cases
and controls, Guangdong Registry of Congenital Heart Disease, 2004-2016, China.

CHD etiology categories Paired n* aOR (95%CI) * P-value
Total CHDs 4726 0.57 (0.44-0.75) <0.001
Conotruncal defects 338 The coefficients did not converge NA
AVSD 103 The coefficients did not converge NA
APVR 29 The coefficients did not converge NA
LVOTO 89 The coefficients did not converge NA
RVOTO 260 The coefficients did not converge NA
SV 52 The coefficients did not converge NA
Septal defects 2733 0.58 (0.42-0.81) 0.001
Other specified CHDs 1002 0.18 (0.07-0.50) 0.001
Unspecified CHDs 120 The coefficients did not converge NA

aOR: adjusted odds ratio; APVR, anomalous pulmonary venous return; AVSD, atrioventricular septal defect; CHD,

congenital heart disease; CI, confidence interval; LVOTO, left ventricle outflow tract obstruction; RVOTO, right

ventricle outflow tract obstruction; SV, single ventricle.

* Condition on enrollment hospitals, date of conception (3 months) and baby sex.

TAdjusted for year (pre vs. post 2013), maternal demographics (age, education, migrants, and manual worker),
maternal disease (fever, flu, and threatened abortion), maternal medicine use (Chinese medicine use), reproductive
history (previous pregnancy with stillbirth, and spontaneous/elective abortion history), maternal lifestyle factors and
environmental exposures (smoking, living in newly renovated room, and residential proximity to a main road
(<50m)), and paternal factors (flu, smoking, and chemical agent contact); household income, gravidity, maternal
anti-miscarriage medicine use, and paternal manual worker were excluded from the model due to significant
collinearity with maternal education, maternal age, threatened abortion, and maternal manual worker, respectively.



Table S4. Annual number of congenital heart disease avoided by the folic acid policy under different
compliance rate among the pregnant women, Guangdong Registry of Congenital Heart Disease, 2004-
2016, China.

Compliance rate N of CHDs avoided by the policy 95% Cls
100% 947 783-1052
90% 852 705-947
80% 758 626-842
70% 663 548-736
60% 568 470-631
50% 474 392-526
40% 379 313-421
30% 284 235-316

CHDs, congenital heart diseases; Cl, confidence intervals; N, number;
Estimation was based on 1169 CHD cases in 2012.



